Introduction
============

Mesenchymal stem cells (MSC) has high potency to differentiate into osteoblasts, chondroblasts, adipocytes and myoblasts \[[@r1]--[@r3]\] with an advantage of hypoimmunogenic property for allogenic applications across different individuals and species \[[@r4],[@r5]\]. Human adipose-derived MSC has been shown to have the same effect as mice adipose-derived MSC \[[@r6]\] on preventing weight gain and glucose intolerance in mice on a high fat diet \[[@r7],[@r8]\]. The therapeutic benefit of MSC transplantation is thought to be mediated by its paracrine effect \[[@r9]--[@r11]\]. Compared to cell transplantation, lysate from human adipose-derived MSC has demonstrated a comparable improvement in glucose tolerance in mice on a high-fat diet \[[@r8]\]. Since overweight and insulin resistance are regarded as complications of the aging process, aforementioned studies suggest a possibility of using adipose-derived MSC lysate for anti-aging intervention.

However, mediators released by MSCs are also known to indistinguishably stimulate both normal cells as well as the mutated cells that gain greater capability to grow \[[@r12],[@r13]\]. In a multicellular organism, somatic mutated cell population accumulates due to numerous cell division during size expansion and cell turnover \[[@r14]\]. Thus, the present study aimed to ascertain the effects of long-term MSC lysate treatment on longevity, activity level, and body composition of rats fed with standard diet. Evolutions of body fat, bone, and lean mass of male rats were assessed by dual energy X-ray absorptiometry (DEXA) at 19 months and 27 months of age. Based on the theoretical framework, we expected increases in longevity and vitality of naturally aging rats after prolonged MSC lysate treatment.

RESULTS
=======

[Table 1](#t1){ref-type="table"} shows cytokine profile (relative concentration) of human adipose-derived MSC lysate used in the study. Three months after the treatment (2 bimonthly sessions of intervention), both glucose ([Figure 1A](#f1){ref-type="fig"}) and insulin ([Figure 1B](#f1){ref-type="fig"}) of rats were not significantly different between the Vehicle and MSC lysate groups. The insulin resistance index (homeostatic model assessment-insulin resistance, HOMA-IR) ([Figure 1C](#f1){ref-type="fig"}) of the MSC lysate group was significantly lower than that of the Vehicle group at 15 months of treatment (*p* ≤ 0.05, Cohen\'s d = 0.35). Glucose concentrations during insulin tolerance test in the MSC-injected group during the insulin tolerance test were marginally lower than those in the Vehicle group (*p* = 0.06, main effect) ([Figure 1D](#f1){ref-type="fig"}). For the female rats, glucose levels during insulin tolerance test in the MSC lysate group were lower than those in the Vehicle group (Figure S1_Female) at 21 months of age (*p* ≤ 0.05, Cohen\'s d = 0.57). This difference was not observed in the male rats. For the male rats, fasting insulin reduced by \~40% with a slight glucose increase in the MSC lysate group (*p* ≤ 0.05, Cohen\'s d = 0.70), whereas no change was found in the Vehicle group (Figure S1_Male).

###### Cytokine profile in the MSC lysate. Data are presented as relative concentrations (signal intensity among array images).

  ----------- ----------- ----------- ------------ ------------ ------------ ----------- ----------- -------------
  bFGF\       MCP-1\      G-CSF\      Leptin\      IGF-I\       TIMP-4\      BMP-4\      SDF-1b\     E-Selectin\
  170.2       34.2        21.8        17.5         15           11.3         9           6.2         4

  GRO\        AgRP\       TNF-β\      FGF-6\       EGF\         Tie-2\       Leptin R\   Flt-3L\     CXCL-16\
  89.5        33.8        21.7        17.5         14.8         11.3         8.8         5.9         4

  IL12-p40\   VEGF\       IL-2 Ra\    LIGHT\       SCF R\       MIP-1-∂\     FGF-7\      IL-7\       CX3CL1R\
  81.2        32.9        21.5        17.4         14.7         11.2         8.5         5.2         3.9

  FGF-9\      MSP-a\      MIP-3-β\    IL11\        ICAM-1\      HCC-4\       IGFBP-2\    MMP-9\      ICAM-2\
  81.2        32.9        21.3        16.8         14.7         11.1         8.5         5.1         3.7

  MIF\        VEGF-D\     NT-3\       IL-1 RI\     HGF\         CKβ8-1\      CD144\      MMP-13\     CD14\
  80.5        32          21.1        16.8         14.7         11.1         8.5         5.1         3.7

  TIMP-2\     BTC\        RANTES\     sTNF-RI\     Eotaxin-3\   LIF\         Siglec-5\   FasL\       MPIF-1\
  59.6        30.8        21          16.6         14.6         10.7         8.5         5.1         3.4

  MIP-1-α\    ALCAM\      IL-1ra\     MIG\         I-TAC\       Tie-1\       PECAM-1\    ErbB3\      L-Selectin\
  59.6        29.1        20.8        16.4         14           10.5         8.5         5.1         3.4

  IGF-BP-3\   LAP\        IL12-p70\   GITR\        SCF\         MCP-4\       PDGF-AB\    M-CSF R\    BMP-7\
  59.4        27.7        20.8        16.3         13.6         10.4         8.5         4.8         3.1

  FGF-4\      IGF-BP-6\   MDC\        SDF-1\       β-NGF\       IL-16\       CTACK\      CT-1\       ICAM-3\
  58          27          20.4        16.1         13.5         10.3         8.3         4.8         2.8

  TNFRSF6\    MIP-1-β\    GITR-L\     TGF b2\      EGF-R\       GCP-2\       VEGF R2\    BMP-5\      IL-18 BPa\
  57.3        26          19.6        16.1         13.5         10.3         8.2         4.8         2.8

  TIMP-1\     OGP\        TGF-β3\     IL-18 Rb\    MMP-1\       CNTF\        IL-9\       dtk\        BMP-6\
  50.9        25.1        19.4        15.5         13.3         10.3         7.6         4.7         2.7

  TRAIL-R4\   NT-4\       TRAIL-R3\   sTNF RII\    IL-13 Ra2\   GDNF\        TECK\       IL-2 Rb\    NGF R\
  43.3        24.6        19.2        15.4         13.3         10.2         7.5         4.5         2.5

  PDGF Rb\    sgp130\     IL8\        TARC\        IGF-I SR\    TGF-a\       PDGF Ra\    IL-5\       IL-5 Ra\
  41          23.2        18.9        15.4         12.5         10.2         7.3         4.5         2.5

  Ang-2\      PlGF\       IL-6\       I-309\       IFN-γ\       Prolactin\   CD80\       IL-4\       Endoglin\
  38.8        23          18.4        15.3         12.3         10.2         7.1         4.5         2.3

  uPAR\       LIF/OSM\    TGF-β1\     Eotaxin-2\   MCP-2\       AREG\        IL-15\      IL-10\      DR6\
  38.3        22.7        18.2        15.3         12.1         9.5          7           4.5         2.3

  BDNF\       TNF-α\      IL-1β\      PDGF-AA\     MIP-3-α\     PARC\        MCP-3\      Eotaxin\    Avtivin A\
  37.7        22.5        18.2        15.3         11.8         9.3          6.6         4.5         2.3

  TPO\        IL-6R\      axl\        IP-10\       IL-1α\       Acrp30\      Ang\        CCL28\      IL-2 Rg\
  36.7        22.2        18.1        15.3         11.6         9.2          6.6         4.3         2

  IGF-II\     M-CSF\      IL-1 R4\    IL17\        ENA-78\      PDGF-BB\     IL-2 Ra\    BLC\        IL-1 R II\
  36.2        22          18          15.1         11.4         9.2          6.5         4.1         2

  IL-3\       GRO-α\      VEGF R3\    NAP-2\       ENA-78\      IL-2\        IGFBP-1\    IL-10 Rb\   IGFBP-4\
  35.6        21.8        17.8        15.1         11.4         9            6.5         4           1.9
  ----------- ----------- ----------- ------------ ------------ ------------ ----------- ----------- -------------

Abbreviation: MSC, adipose-derived mesenchymal stem cell.

![**Fasting glucose and insulin in blood**. Survivors until 15 months of age were included for the Pre-Post comparison (Vehicle: N = 43; MSC lysate: N = 39), measured at 9 months and 15 months of age. Differences in glucose (**A**) and insulin (**B**) between the Vehicle and MSC lysate groups did not reach statistical significance after 2 sessions of MSC lysate treatment. However, insulin resistance index (product of fasting glucose and insulin) was moderately decreased in the MSC lysate group, but no change was observed in the Vehicle group (**C**). Blood glucose concentrations during insulin tolerance test (insulin injection at 0.3 U/kg body weight) of the MSC lysate group was marginally lower than those of the Vehicle group, after 5 sessions of MSC lysate treatment (Vehicle: N = 27; MSC lysate: N = 24) (main effect of treatment of two-way ANOVA: *p* = 0.06) (**D**). † Significant difference against pre-treatment value (9 months of age), *p* ≤ 0.05. Data for male and female rats are presented separately in [Supplementary figures (Figure S1_Male and S1_Female)](#SD1){ref-type="supplementary-material"}. Abbreviation: MSC, adipose-derived mesenchymal stem cell.](aging-10-101595-g001){#f1}

In the survival analysis ([Figure 2](#f2){ref-type="fig"}), average longevity of the MSC-lysate group was lower than that of the Vehicle group (657 ± 21 d vs. 715 ± 22 d, *p* ≤ 0.05, Cohen\'s d = 0.40). Female and male rats showed similar trend in shortened longevity during lifelong MSC lysate treatment. Difference in longevity between the Vehicle and MSC lysate groups remained significant in the male rats (Figure S2_Female and Figure S2_Male) but not in the female rats.

![**Survival curve.** MSC lysate treatment started from 12 months of age (Vehicle: N = 46; MSC lysate: N = 46). Mean lifespans of the vehicle and MSC lysate groups were 715 d and 657 d, respectively (*p* ≤ 0.05). Data for male and female rats are presented separately in [Supplementary figures (Figure S2_Male and S2_Female)](#SD1){ref-type="supplementary-material"}. Abbreviation: MSC, adipose-derived mesenchymal stem cell.](aging-10-101595-g002){#f2}

Significant weight loss occurred in the first 3 months (2 sessions) of MSC lysate treatment ([Figure 3A](#f3){ref-type="fig"}). Weight loss rate in the MSC-treated group was more than 4 folds of the Vehicle group during this short period (*p* ≤ 0.05, Cohen\'s d = 0.35). [Figure 3B](#f3){ref-type="fig"} shows greater incidence of rapid weight loss (weight loss more than 7% of peak body weight) in the MSC lysate treated group than that in the Vehicle group in the first 3 months of the treatments (Chi-square, *p* ≤ 0.05). Rapid weight loss from 1 month before death appeared to be a common sign for both groups regardless of the treatments ([Figure 3C](#f3){ref-type="fig"}). Significant difference in the rate of weight loss between the Vehicle and MSC lysate groups remained significant only in the male rats (Figure S3_Female and Figure S3_Male).

![**Body weight changes.** Survivors until 15^th^ months were included for the Pre-Post comparison (Vehicle: N = 43; MSC lysate: N = 39), measured at 9 months and 15 months of age. Significant weight loss was observed in the MSC lysate group following 2 sessions of intervention in the first 3 months (*p* ≤ 0.05) (**A**). Greater incidence of weight loss (more than 7% of peak body weight during their lifetime) in the MSC lysate group (9 out of 46) than that in the vehicle group (2 out of 46) was observed (Chi-square, *p* ≤ 0.05) (**B**). Accelerated weight loss occurred 1 month before death is the common feature for aged rats regardless the treatment groups (Vehicle: N = 46; MSC lysate: N = 46) (**C**). † Significant difference against 2 months before death, *p* ≤ 0.05. Data for male and female rats are presented separately in [Supplementary figures (Figure S3_Male and S3_Female)](#SD1){ref-type="supplementary-material"}. Abbreviation: MSC, adipose-derived mesenchymal stem cell.](aging-10-101595-g003){#f3}

Spontaneous locomotor activities ([Figure 4](#f4){ref-type="fig"}) including moving distance ([Figure 4A](#f4){ref-type="fig"}), velocity ([Figure 4B](#f4){ref-type="fig"}) and standing frequency ([Figure 4C](#f4){ref-type="fig"}) were not significantly different between the Vehicle and MSC lysate groups, but physically inactive time ([Figure 4D](#f4){ref-type="fig"}) of the MSC-treated rats was 73% longer than that of the Vehicle group following 1 year of treatment (*p* ≤ 0.05, Cohen\'s d = 1.18).

![**Spontaneous locomotor activity.** Spontaneous locomotor activity was measured at 24 months of age. The differences in spontaneous movements in distance (**A**), velocity (**B**), and standing frequency (**C**) between two groups do not reach statistical significance. Inactive time (**D**) was significantly lengthened following 1-year adipose-derived mesenchymal stem cell lysate (MSC lysate) (6 sessions). \* Significant difference against the Vehicle group, *p* ≤ 0.05. Abbreviation: MSC, adipose-derived mesenchymal stem cell.](aging-10-101595-g004){#f4}

[Figure 5](#f5){ref-type="fig"} presents the DEXA analysis conducted at 19 months and 27 months of age (i.e., after 4 and 8 sessions of treatments). Significantly faster reductions for bone mass ([Figure 5A](#f5){ref-type="fig"}) and bone mineral density ([Figure 5B](#f5){ref-type="fig"}) in the MSC lysate group were observed compared with the Vehicle group. The rates of bone mass loss and bone mineral density decrease in the MSC lysate treated rats were approximately 3.9 times and 1.5 times of those in the Vehicle group, respectively (*p* ≤ 0.01 and *p* ≤ 0.05, respectively, Cohen\'s d = 1.19). Fat mass ([Figure 5C](#f5){ref-type="fig"}) of the MSC lysate treated group also decreased significantly during the late stage of aging. The rate of the fat loss in the MSC lysate group was approximately 1.9 folds of that in the Vehicle group (*p* ≤ 0.01, Cohen\'s d = 1.0). Fat mass loss and bone mass loss occurred in parallel with a marginal increase in percent bone-free lean mass in the MSC-treated rats ([Figure 5D](#f5){ref-type="fig"}).

![**Body composition changes during an 8-month MSC lysate intervention (between session 4 and 8 at 17^th^ and 28^th^ months of age) for male rats.** Survivors until 28 month of age were included for the Pre-Post comparison by Dual-energy x-ray absorptiometry (DEXA) analysis. Only male rats were measured due to consideration of technical limitation of the DEXA in size. Decreases in bone mass (**A**), bone density (**B**), fat mass (**C**) occurred in parallel with marginally increased bone-free lean mass (*p* = 0.06) (**D**). \* Significant difference against the Vehicle group, p ≤ 0.05. Abbreviation: MSC, adipose-derived mesenchymal stem cell.](aging-10-101595-g005){#f5}

DISCUSSION
==========

Our data with normal diet somewhat confirmed the previous studies on weight loss and improved glycemic control after human adipose MSC and MSC lysate treatments in rats under high fat diet \[[@r7],[@r8]\]. However, we found a decreased longevity and an increased inactive time with the lifelong MSC lysate treatment. Although the fat loss outcome of MSC lysate treatment is considered metabolically favorable in adults during the weight rising stage of life, weight loss during the end stage of life or during illness often relates to debilitating health and increased mortality \[[@r15],[@r16]\]. In humans, death rate accelerates when weight loss exceeds approximately 7% from the peak body weight during late stage of life \[[@r17],[@r18]\] as well as in healthy young animals \[[@r19]\].

The life-shortening effect of MSC lysate could be associated with accelerated osteopenia and lipopenia. In human patients, the survival chances in the lipopenic or osteopenic elderlies are lower than non-lipopenic or osteopenic elderlies \[[@r20]\]. With regard to the concomitant increases in the lean mass during fat and bone losses for the MSC lysate treated rats, we would draw caution that there is a technical limitation of DEXA to distinguish muscle mass from other types of lean tissue such as fibrotic tissues, tumors, and fluid retention \[[@r21]\]. During a 10-y follow-up human study using DEXA for measuring body composition, an increase in central lean mass (trunk) together with losses in appendicular lean mass and visceral fat was associated with increased mortality in older individuals aged above 50 y \[[@r21],[@r22]\]. Muscle mass is known to closely associate with physical vitality and survival length in aged animals and humans during the late stages of life \[[@r23]\]. Therefore, increased bone-free lean mass concurrent with lengthened inactive time during the MSC lysate treatment suggests that the fat-free lean tissue increase detected by DEXA is less likely to associate with increased percent muscle mass.

Therapeutic benefit of MSC transplantation is generally considered to mediate by its paracrine effect \[[@r9]--[@r11]\], it remained unclear how MSC-lysate injection led to a life-shortening effect with decreased vitality. In a multicellular system, clearance of aged environment (i.e. senescent cells and cell scaffolds) must be completed before onset of cell regeneration to maintain tissue health during cell turnover \[[@r24]\]. Simply strengthening the later process by providing signals from MSC may cause imbalance of the two processes. Thus, the preservation of lean tissues in the MSC-injected rats detected by DEXA might be associated with insufficient clearance of aged components during aging.

In contrast to unicellular organisms, multicellular organisms may be described as a cooperative society of living cells, where birth and death of cells occur continuously within the same body \[[@r25]\]. Increasing cell population in a multicellular system attains an advantage of sharing efforts among specialized partner cells. However, size expansion inevitable increases thermodynamic instability. Weight gain during early development increases absolute number of somatic mutations due to increased amounts of cell divisions \[[@r26]\]. Persistent inflammation (or non-healing wound) increases incidence of tumorigenesis \[[@r27]\], as a result of random genetic mutation during endless cell regeneration. Components in MSC lysate, such as FGFs, TGF-beta, VEGFs, and many other cytokines \[[@r28]\] participating in the regenerative phase of inflammation, may indifferently stimulate cell proliferations on both normal cells and the mutated cells that are naturally selected for high proliferation potential.

Previous studies in MSC-lysate based therapy on obese mice have provided valuable knowledge of using MSC lysate to prevent weight gain induced by high fat diet \[[@r8]\]. Our data on normal Sprague Dawley rats without common comorbidities that accompany older patients should be interpreted with caution when the knowledge is generalized to human patients. To definitely settle the question on whether MSC lysate is life shortening or anti-aging, more investigation should focus on optimization of dosage, frequency, and timing of MSC lysate administration at different stages of life.

CONCLUSION
==========

The current treatment regimen of MSC lysate, when started from middle age, does not prolong and appears to decrease longevity and vitality of normally aging rats. Disparity in development of fat, bone, and bone-free lean tissues concurrent with accelerated weight loss during the lifelong MSC lysate treatment implicates the importance of balanced tissue growth and size maintenance in sustaining a robust multicellular system.

MATERIALS AND METHODS
=====================

Animals and study design
------------------------

This study was approved by the Animal Care and Use Committee at the University of Taipei (approval number 200901001) and conformed to the ethical rules made by the Institutional Animal Care and Use Committee (IACUC) as well as the Law of Taiwan in animal protection. Sprague Dawley (SD) rats (1 month of age) with known date of birth were obtained from BioLASCO Taiwan Corporation (Yi-Lan, Taiwan) and maintained in the Animal Center of the University of Taipei (Taipei, Taiwan). Animals were kept in a well maintained facility with the controlled temperature of 22°C, relative humidity of \~50%, 12/12 h light/dark cycle. Rats (two per cage) were provided with standard laboratory chow (PMI Nutrition International, Brentwood, MO, USA) and tap water ad libitum. This study randomized a total of 92 rats into the vehicle-injected group (F=22; M=24) and the MSC lysate injected group (F=22, M=24). Rats were intraperitoneally injected with either vehicle or MSC lysate until natural death.

Treatment regimen
-----------------

Rational of dosage: A dose-escalating study \[[@r29]\], tested dosages from 1,000 to 1,000,000 MSCs per kg body weight, reported dose-dependent beneficial effects of MSC on cardiac function within the range of 100,000 and 1,000,000 cells per kg body weight. In this long-term lysate study, lower limit of the dosage range corresponding to \~100,000 MSC per kg body weight was chosen. This dosage was moderately greater than a previous MSC lysate study (dosage equivalent to 70,000 cells), in which fat loss and improved metabolic syndromes in mice under high-fat diet can be observed over the course of 3 months \[[@r8]\].

Adipose-derived MSC lysate (20 μl/kg body weight) was delivered to rats by intraperitoneal injection, 3 times a week, 11 times a month, starting at 12 months of age until natural death. To prevent potential desensitization of the recipients to MSC lysate, delivery was made on every second month. The Vehicle group received intraperitoneal injections with the same volume of sterilized 0.9% saline. Body weight was recorded every 3 d. Fasting glucose and insulin measurements (HOMA-IR) were conducted at 15 months of age (after 2 bimonthly sessions of MSC treatment) compared with Pre (9 months of age). Insulin tolerance test was performed at 21 months of age (after 5 bimonthly sessions of MSC treatment). Spontaneous motor activity was monitored at 24 months of age (after 6 bimonthly sessions of MSC treatment).

MSC lysate preparation and characterization
-------------------------------------------

MSC lysate preparation procedure was modified from a previous study \[[@r30]\]. Briefly, human adipose-derived stem cells were cultured in alpha-minimal essential medium (α-MEM) supplemented with 2% fetal bovine serum and 2 mM L-glutamine, and were incubated at 37°C, 5% CO~2~. Once cells reached 80% confluency, these were harvested by enzymatic detachment using trypsin-EDTA, rinsed with 45 ml of PBS and transferred into 50 ml conical tube for centrifugation to pellet the cells. Supernatant was removed and the pellet was washed (3 times) with 50 ml of PBS with centrifugation to remove residual trypsin-EDTA and components from culture media. In order to make cell lysate, 10 ml of deionized H~2~O was added to the cell pellet and incubated at room temperature for 30 min to allow osmotic rupture of the cell membranes. The cell-free lysate was prepared by subjecting the ruptured cell pellet to 3 freeze-thaw cycles to further dissociate the lysed cell sediments, followed by centrifugation at 1000 g to remove insoluble materials. Four separate batches of MSC lysate were pooled together for intervention. The content of the lysate was assayed using RayBio® C-Series Human Cytokine Antibody Array Kit according to the manufacturer's instructions (Raybiotech Northcross, GA, USA).

Glucose, insulin and insulin tolerance test
-------------------------------------------

Insulin resistance occurs during middle age. Therefore, HOMA-IR was measured at 15 months of age. Fasting blood glucose of rats (15 months of age) was always measured immediately after sample collection using Accu-chek® performa system (Roche Diagnostics, Indiana, USA). Plasma insulin was measured using enzyme-linked immunosorbent assay (ELISA) kit (Mercodia, Mercodia AB, Uppsala, Sweden). After 12 h fasting, blood was collected from tail into EDTA-contained tube and plasma was obtained after centrifugation at 4°C, 3000 rpm for 10 min. Optical density was read at 450 nm using ELISA reader (Tecan GENios, A-5082, Austria) and insulin level was expressed as μg/L. Insulin resistance index was calculated using fasting blood glucose and insulin level by a formula presented earlier \[[@r31]\].

To confirm whether the HOMA-IR results at 15 months of age is associated with insulin sensitivity, insulin tolerance test was also measured at 21 months of age. For the test, rats (21 months of age) were injected (I.P.) with insulin (0.3 U/kg BW, Humulin R, Eli Lilly, Indianapolis, Indiana, USA) following 12 h fasting. Glucose (mg/dL) from tail blood was measured before and 30, 60, 90 and 120 min after insulin injection.

Spontaneous locomotor activity
------------------------------

Since loss of physical vitality is a main concern during the end stage of life, spontaneous locomotor activity was monitored at 24 months of age, using Locoscan system (Clever Sys, VA, USA). Rats were moved from their housing cage to the testing cage (40 cm^3^ black plastic custom cage) before activity assessment. One week prior to the assessment, rats were placed in the testing cage for 10 min daily for acclimation. Spontaneous activity was performed in a quiet and dark environment. Rats were placed into the center of testing cage and free to move. A digital camera with infrared light source mounted above the center of testing cage to record video on their physical activity for 20 min. The first and last 5 min periods were eliminated from analysis to avoid disturbances related to human access to dark room. Ten min videos of the middle time frame were analyzed, which detected rats movements based on video-tracking of multiple individual body parts, posture and frequency of movements. Activity parameters included traveled distance (mm), velocity (mm/s), vertical standing frequency (times) and inactive time (s).

Body composition
----------------

Body composition of rats was measured by DEXA (Lunar iDXA, GE Medical Systems, WI, USA) with small animal software package. DEXA scans were performed under isofluorane anesthesia after 12-h fasting. Body composition data included bone mass (gram), bone density (g/cm2), fat mass (gram), percentage body fat (%), bone-free lean mass (gram), percent bone-free lean mass (%). DEXA analysis was conducted twice at 19 months and 27 months of age. Only male rats were measured due to technical limitation of accurate DEXA analysis for small size rats among some female rats.

Statistical analysis
--------------------

Independent *t* test was used to compare mean difference of all variables between Vehicle and MSC lysate groups. Pair t test was used to compare the mean differences between first and second DEXA measurements among paired survivors. Chi-square was used to compare the difference in incidence of weight loss (7%) between groups during treatments. Two-way ANOVA was used to determine the main and interactive effect for insulin tolerance test. Cohen's d was used to determine between-group effect sizes for dependent variables. Probability of type I error was set at 5% or less for significance. All results were expressed as mean ± standard error of the mean (SEM).
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